INTRODUCTION
Until recently, the haemolytic activity of Serratia marcescens strains was the subject of interest in only few papers [3] [4] [5] 11, 12] . Profound studies of this activity were performed by Braun et al. [1, 2, 6, 7] who found the lytic substance cell-bound.
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The haemolytic activity occurred neither in sterile supernatants nor in sterile filtrates. However, the large zones of haemolysis observed in our laboratory around S. marcescens colonies on blood agar media encouraged a search for extracetlular lytic substance.
MATERIALS AND METHODS

Bacterial strains
Twenty two O-antigen reference strains of S. marcescens were kindly supplied by Professor Walter H. Traub from the Institute of Medical Microbiology and Hygiene at Homburg-Saar in the Federal Republic of Germany. Six strains of S. marcescens kindly provided to us by dr. S. Rowinski from the Central Culture Collection of the Polish Academy of Sciences in Wroclaw were also included in this study.
All strains were stored in Cystine Trypcase Medium (Bio-Merieux) at room temperature.
Haemolytic activity on solid media
Dense bacterial suspensions in sterile saline corresponding to 2-3 x 108 CFU/ml were prepared from 18 h cultures of strains growing on agar slants. 20/~1 of each suspension was dropped on the surface of the following blood agar media:
1. Chemically defined medium [10] supplemented with 1.2% agar (CDMA) and with 5% of human group '0' erythrocytes previously washed twice in sterile saline. 2. Medium preparation as above, but containing sterile, polycarbonate membrane filter 0.1 ffm; Bio-Rad Laboratories) placed on the surface of medium and covered with 1 mm layer of CDMA. 3. Medium prepared as above, but instead of polycarbonate filter, the sterile dialysis membrane (SERVA, Visking dialysis tube) was used. Two sets of media were prepared: one of them was incubated at room temperature (22°C) and the second one at 37°C for the same time. The haemolysis was checked every 24 hours within 7 days of observation.
Haemolytic activity in liquid media
100/~1 of bacterial suspensions (approx. 2-3 × 10 s CFU/ml), prepared in sterile saline were added to 100 ml of the liquid, chemically defined medium (CDM, [10] ) and incubated at 22°C and 37° C. Aliquots were taken after 24 h of incubation and centrifuged at 7400 x g for 10 min at 4 o C. Supernatants were filtered (membrane filters, 0.1 /~m, Bio-Rad Laboratories). Bacterial pellets were washed twice and resuspended in the sterile saline. Equal volumes (1 ml) of filtrates and cell suspensions were checked for their haemolytic activity against the same volume of 2% suspension of human blood group '0' erythrocytes. The mixtures were incubated in water bath at 22°C and 37 °C for one hour.
Two S. marcescens strains were chosen in order to investigate their haemolytic activity in CDM liquid medium for a prolonged time of incubation at 22°C and 37°C. S. marcescens 02 gave haemolysis when cultured on blood agar medium, while S. marcescens 06 was negative. Their growth and haemolytic activity were observed during 160 h.
Equal portions of bacterial suspensions were also heated at 56°C and 95°C for 10 min, and assayed for haemolytic activity.
Microscopic examination
S. marcescens strains 02 and 06 mixed with erythrocytes were observed in wet-mount preparation continuously for 90 min under the microscope (interference differential contrast, Jenaval microscope, Zeiss-Jena).
RESULTS AND DISCUSSION
The haemolytic activity of 28 strains of S. marcescens on CDM blood agar fell into two groups: the first one consisted of strains with rapid haemolytic activity which regularly appeared after 24 h of incubation at both temperatures, and the second group with delayed haemolytic activity which was observed after 48 h of incubation (Table 1) . Some strains were nonhaemolytic after 5 days on blood agar medium. When S. marcescens growth on the surface of CDM agar was separated from the bottom blood agar layer with a dialysis membrane (medium no. 3), two kinds of the haemolytic activity were found. S. marcescens of the rapidly haemolysing group produced haemolytic activity below the dialysis membrane. This activity was not found in the second, slowly haemolysing group of strains (Fig.  1) . However, when surface growth was separated from the underlaying blood agar with membrane filters (medium no. 2), red cells lysis below the membranes was easily detectable in all haemolytically active strains. Lysis was also observed when blocks of agar with lysed erythrocytes were placed onto the surface of fresh blood agar medium (Fig. 2). None of the S. marcescens strains haemolytically active on blood agar media produced haemolysins when cell-free filtrates were tested. Maximal lyric activity of 02 strain was observed at about 20 h of incubation at 37°C or at 22°C. Thereafter, haemolytic activity progressively described reaching after 150 h of incubation the same level as the nonhaemolytic 06 strain (Figs. 3  and 4 ). Heating at 56 °C or boiling caused total loss of haemolytic activity. Haemolytic activities of cultures on chemically defined liquid media and on blood agar media revealed some discrepancies. A part of strains unable to cause haemolysis on blood agar media were also nonhaemolytic in liquid medium. On the contrary, some strains nonhaemolytic on liquid media were haemolytic on blood agar (Table 2 ). Microscopic observations showed that only a very short contact between bacterial cells and the erythrocytes was necessary to cause lysis. The attachment of S. marcescens cell to erythrocyte lasting not longer than 1 s was sufficient to produce erythrocyte ghost, which appeared after 10-15 min. In the period of 90 min we have never Table 2 Occurrence of haemolytic activity among Serratia marcescens strains cultured on blood agar and on liquid medium at two temperatures [1, 2, [6] [7] [8] [9] . The nucleotide sequence of the Serratia haemolysin determinant has been established and two polypeptides located in the outer membrane were identified [6] . With our results we can confirm the cell-bound nature of S. marcescens hae_aaolysin in liquid cultures. A more complex activity was found on blood agar media. Our results suggest the existence of at least two kinds of lytic substances diffusing into the depth of agar. However, attempts to elute these substances from the agar blocks with phosphate buffer (PBS), or with sterile saline, were unsuccessful. The question arises whether this haemolysin is the same lytic substance which is responsible for red cell lysis in liquid media. The results obtained by Poole et al. [6] show two polypeptides in the outer membrane of haemolytic S. marcescens strains, designated as ShlyA and ShlyB. ShlyA is the polypeptide directly binding to erythrocyte membrane and forming pores [6] .
Thus, a short contact observed by us between S. marcescens cell and red blood cell should be sufficient to the translocate this polypeptide to the surface of the erythrocyte. In conclusion, further investigations are needed in order to elucidate the nature of haemolysin(s) observed on blood agar media and the differences between haemolysis assayed on solid and in liquid media. It may be assumed that culture conditions affect the expression of haemolysins in S. marcescens cells.
